
































































































































































































































































































































































12R-lipoxygenase  (12R-LOX)  and  epidermal  LOX-3  (eLOX-3)  are  part  of  a 
recently  identified  eicosanoid  pathway  critically  involved  in  skin  terminal 
differentiation.  Inactivating  mutations  in  the  genes  of  12R-LOX  and  eLOX-3  are 
causally  linked  to  the  development  of  autosomal  recessive  congenital  ichthyosis 
(ARCI).  ARCI  is  an  inherited  skin  disease  associated  with  hyperkeratosis  and 
impaired  barrier  function.  To  analyse  the  impact  of  12R-LOX  in  epidermal  barrier 
function and to investigate its physiological role a Cre-LoxP based mouse model for 
the targeted inactivation of 12R-LOX was generated in a previous study. Constitutive 
ablation  of  12R-LOX  leads  to  early  neonatal  death  due  to  a  severely  impaired 
permeability  barrier  function.  Disruption  of  barrier  function  is  associated  with 





When  transplanted  onto  the  back  of  nude  mice  12R-LOX-/-  mouse  skin 
developed a severe adult phenotype  that  closely  resembles  that  seen  in  ichthyosis 
patients, with  thickening  of  the  epidermis,  hyperproliferation,  hypergranulosis,  focal 
parakeratosis  and  marked  hyperkeratosis.  In  contrast  to  the  neonatal  knockout 
phenotype,  12R-LOX  deficiency  did  not  affect  profilaggrin  processing  in  the  adult 
transplanted  skin  but  rather  resulted  in  the  over-expression  of  fully  processed 
filaggrin  monomers  and  other  components  of  the  cornified  cell  envelope  such  as 
involucrin and repetin.  
In  order  to  study  the  adult  phenotype  in  more  detail  we  established  a 





cornea  and  thymus.  12R-LOX  ablation  resulted  in  the  development  of  a  severe 
phenotype  associated  with  growth  retardation,  dramatic  loss  of  body  weight  and 
premature  death.  Morphological  changes  observed  in  mutant  mice  included  focal 
alopecia, scaling of the skin and palmoplantar keratoderma. Histological analyses of 





targets  of  the  12R-LOX/eLOX-3  pathway  showed  that  12R-LOX  ablation  is 
associated with deregulation of members of the activating protein-1, small proline rich 
protein  and  keratin  gene  families,  known  to  be  important  for  the  epidermal 
differentiation. 
This  data  documents  a  crucial  role  of  12R-LOX  in  the  establishment  and 
maintenance  of  the  epidermal  barrier  function. Moreover,  12R-LOX  knockout mice 
may be a suitable model  to  investigate molecular mechanisms of  the LOX pathway 






Die  12R-Lipoxygenase  (12R-LOX)  und  die  Epidermis-Typ  Lipoxygenase-3 
(eLOX3) sind Schlüsselenzyme eines neuen Stoffwechselweges in der Haut, der bei 
der  terminalen  Differenzierung  eine  wichtige  Rolle  spielt.  Eine  genetische 
Inaktivierung  einer  dieser  beiden  LOX  führt  beim  Menschen  zur  Ausbildung  von 





unter  Verwendung  der  Cre/LoxP-Technologie  ein  Mausmodell  für  eine  konstitutive 
und  induzierbare  12R-LOX-Geninaktivierung  etabliert.  Der  konstitutive  12R-LOX-
Genknockout  führt  in  den Mäusen  zu  einem  frühen  neonatalen  Tod,  der  auf  einer 
massiven  Beeinträchtigung  der  epidermalen  Barriere  beruht.  Der  Verlust  der 
Barrierefunktion  geht  einher  mit  Störungen  der  Filaggrin-Prozessierung  und  des 
Ceramid stoffwechsels, führt aber in der neonatalen Haut nicht zur Ausbildung eines 
typischen ichthyosiformen Phänotyps. 
Ziel  meiner  Arbeit  war  die  Untersuchung  des  adulten  12R-LOX-
Knockoutphänotyps  anhand  von  Hauttransplantaten  und  eines  konditionellen 
Knockoutmodells.  
Nach Transplantation auf den Rücken immundefizienter Nacktmäuse bildeten 
die Häute  der  12R-LOX-Knockoutmäuse  eine  vielschichtige Epidermis  aus,  die mit 
Acanthose,  Hypergranulose  und  Hyperkeratose  typische  Merkmale  eines 




  Um  den  adulten  Phänotyp  im  Detail  studieren  zu  können,  wurde  unter 




auch  spontan  ab  einem Alter  von  17  Tagen,  zu  einer  Inaktivierung  des  12R-LOX-
Gens  in  Epidermis  und  anderen  K14-exprimierenden  Geweben,  was  mit  der 
Ausbildung  eines  ausgeprägten  Phänotyps  assoziiert  war,  gekennzeichnet 
Zusammenfassung 
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makroskopisch  durch  Fellveränderungen  mit  fokaler  Alopezie,  einer  starken 




mittels  Illumina-Bead-Arrays  zeigen,  dass  die  Deletion  von  12R-LOX  mit  einer 





habe  ich  ein  geeignetes  Modellsystem  zur  Verfügung  gestellt  für  weitergehende 
Analysen  der  molekularen  Mechanismen  des  12R-LOX/eLOX-3-Stoffwechselwegs, 
die  für  die  Entstehung  des  Ichthyose-Phänotyps  von  Bedeutung  sind.  Das 









































































































































































general, the positional specificity of LOX is determined by the overall size and shape of 
































































































































































































































































































































































































































































































































































































































































































































  Taq54  Taq56  Time 
1. Initialisation  95°C  95°C  5 min. 
2. Denaturising  94ºC  94ºC  1:50 min 
3. Annealing  54°C  56°C  1:30 min 
4. Elongation  72°C  72°C  2:30min 
5. Cycles  Go to 2  Go to 2  30 times 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































Sprr2e  small proline-rich protein 2E  2134,82  103,62  20,6 
Sprr2g  small proline-rich protein 2G  2557,37  135,11  18,93 
Sprr1b  small proline-rich protein 1B  9671,02  557,06  17,36 
Krt16  keratin complex 1, acidic, gene 16  3904,18  320,87  12,17 
Krt6b  keratin complex 2, basic, gene 6b  611,79  202,75  3,02 
JunB  Jun-B oncogene  2973,14  442,21  6,72 
Fos  FBJ osteosarcoma oncogene   3366,45  1598,28  2,11 
















































































































































































































































































































































































































































































Symbol  Genename  mean_ko  mean_wt  FC 
Sprr2e  small proline-rich protein 2E  2134,82  103,62  20,6 
Sprr2g  small proline-rich protein 2G  2557,37  135,11  18,93 
Sprr1b  small proline-rich protein 1B  9671,02  557,06  17,36 
Sprr2i  small proline-rich protein 2I  1154,6  90,22  12,8 
Krt1-16  keratin complex 1, acidic, gene 16  3904,18  320,87  12,17 
Epgn  epithelial mitogen  1634,27  157,38  10,38 
Areg  amphiregulin  3140,54  319,85  9,82 









Junb  Jun-B oncogene  2973,14  442,21  6,72 














Ccl20  chemokine (C-C motif) ligand 20  404,82  84,63  4,78 
Ier3  immediate early response 3  4633,96  1059,84  4,37 
Fosl1  fos-like antigen 1  366,45  88,66  4,13 
NA  NA  695,17  170,1  4,09 





Rptn  repetin  7815,7  2061,17  3,79 
Sprr1a  small proline-rich protein 1A  1336,48  355,21  3,76 
Axud1  AXIN1 up-regulated 1  391,01  113,41  3,45 





Krt2-6b  keratin complex 2, basic, gene 6b  611,79  202,75  3,02 
Pim3  proviral integration site 3  4969,23  1655,48  3 
Ldlr  low density lipoprotein receptor  4851,06  1635,49  2,97 
Epha2  Eph receptor A2  422,65  142,59  2,96 
Dusp6  dual specificity phosphatase 6  2294,14  774,28  2,96 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Krt2-6a  keratin complex 2, basic, gene 6a  950,79  331,23  2,87 
NA  NA  370,3  130,01  2,85 
Sprr2j  small proline-rich protein 2J  194,81  68,47  2,85 





Krt2-6b  keratin complex 2, basic, gene 6b  229,23  83,19  2,76 
Neu2  neuraminidase 2  971,41  353,49  2,75 
NA  NA  563,41  207,17  2,72 
NA  NA  261,43  96,13  2,72 
NA  NA  1752,66  647,83  2,71 
Gtse1  G two S phase expressed protein 1  326,2  122,05  2,67 
2310040C09Rik  RIKEN cDNA 2310040C09 gene  4863,13  1822,1  2,67 
Dnase1l3  deoxyribonuclease 1-like 3  500,07  187  2,67 
Gm1279  NA  248,1  93,61  2,65 














Rptn  repetin  1320,14  509,45  2,59 
Olfr994  olfactory receptor 994  190,02  73,29  2,59 
Cklf  chemokine-like factor  267,88  103,73  2,58 
4930526D03Rik  RIKEN cDNA 4930526D03 gene  223,56  86,73  2,58 










Fcrla  Fc receptor-like A  243,7  96,68  2,52 









NA  NA  264,25  107,02  2,47 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Symbol  Genename  mean_ko  mean_wt  FC 
Ccdc86  coiled-coil domain containing 86  359,98  145,59  2,47 
Cspg6  chondroitin sulfate proteoglycan 6  197,09  80,06  2,46 
Bcl10  B-cell leukemia/lymphoma 10  1547,8  635,22  2,44 
Gm1341  NA  219,69  90,68  2,42 
NA  NA  1031,96  427,11  2,42 














1500041J02Rik  RIKEN cDNA 1500041J02 gene  604,02  254,25  2,38 
Cars  cysteinyl-tRNA synthetase  248,73  104,88  2,37 



















Calu  calumenin  207,49  89,14  2,33 














V1rc7  vomeronasal 1 receptor, C7  239,46  104,34  2,3 
Tapbp  TAP binding protein  253,93  111,38  2,28 
Olfr1395  olfactory receptor 1395  232,92  102,3  2,28 
Cldn4  claudin 4  3874,77  1707,19  2,27 
Hk2  hexokinase 2  3640,77  1605,69  2,27 
NA  NA  261,95  115,42  2,27 
2310042E22Rik  RIKEN cDNA 2310042E22 gene  361,05  159,46  2,26 
NA  NA  478,18  211,45  2,26 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Symbol  Genename  mean_ko  mean_wt  FC 














Grtp1  GH regulated TBC protein 1  242,76  109,74  2,21 





Klk6  kallikrein 6  498,77  227,68  2,19 
2310040C09Rik  RIKEN cDNA 2310040C09 gene  1958,27  901,16  2,17 
NA  NA  781,11  360,09  2,17 





Sfn  stratifin  774,35  362,02  2,14 















NA  NA  225,55  105,86  2,13 
















Pla2g4e  phospholipase A2, group IVE  531,63  251,25  2,12 







Symbol  Genename  mean_ko  mean_wt  FC 
Olfr541  olfactory receptor 541  226  107,17  2,11 
Krt1-12  keratin complex 1, acidic, gene 12  305,45  144,8  2,11 
Fos  FBJ osteosarcoma oncogene  3366,45  1598,28  2,11 
Tjap1  tight junction associated protein 1  237,31  113,45  2,09 










Zfp353  zinc finger protein 353  203,57  98,24  2,07 
1700109H08Rik  RIKEN cDNA 1700109H08 gene  813,08  392,86  2,07 





Foxd2  forkhead box D2  257,07  125,26  2,05 
Ccr3  chemokine (C-C motif) receptor 3  209,83  102,22  2,05 
Colec10  collectin sub-family member 10  206,12  100,53  2,05 
Chn2  chimerin (chimaerin) 2  200,52  98,07  2,04 
NA  NA  221,54  108,55  2,04 
Olfr1365  olfactory receptor 1365  219,6  108,01  2,03 
Barhl1  BarH-like 1 (Drosophila)  240,12  118,3  2,03 






Zfp641  zinc finger protein 641  255,84  126,94  2,02 
Per2  period homolog 2 (Drosophila)  899,96  446  2,02 
0610040J01Rik  RIKEN cDNA 0610040J01 gene  219,2  108,55  2,02 
1190003J15Rik  RIKEN cDNA 1190003J15 gene  10802,7  5351,69  2,02 

























Symbol  Genename  mean_ko  mean_wt  FC 
Gata3  GATA binding protein 3  960,14  1974,09  -2,06 
NA  NA  315,77  653,89  -2,07 


















NA  NA  119,6  253,85  -2,12 
2310079G19Rik  RIKEN cDNA 2310079G19 gene  91,34  196,61  -2,15 
Foxq1  forkhead box Q1  202,84  439,46  -2,17 
Hoxd4  homeo box D4  162,42  354,03  -2,18 
NA  NA  9574,69  20889,01  -2,18 
9930028C20Rik  RIKEN cDNA 9930028C20 gene  566,33  1240,84  -2,19 
2810003C17Rik  RIKEN cDNA 2810003C17 gene  1123,63  2465,35  -2,19 
NA  NA  1738,21  3824,4  -2,2 














Snrpb  small nuclear ribonucleoprotein B  371,89  854,91  -2,3 
Cobl  cordon-bleu  115,39  267,03  -2,31 
Txnip  thioredoxin interacting protein  2862,5  6609,7  -2,31 
NA  NA  371,74  862,75  -2,32 
1110055J05Rik  RIKEN cDNA 1110055J05 gene  5043,14  11719,23  -2,32 
NA  NA  176,7  411,78  -2,33 
MTERF  NA  157,48  366,91  -2,33 
Sprrl5  small proline rich-like 5  10061,24  23880,9  -2,37 
NA  NA  168,38  403,19  -2,39 
NA  NA  444,88  1088,69  -2,45 
NA  NA  115,13  286,96  -2,49 
Ecm1  extracellular matrix protein 1  752,5  1880,32  -2,5 
NA  NA  529,31  1381,06  -2,61 
Sprrl7  small proline rich-like 7  4196,75  11531,76  -2,75 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Symbol  Genename  mean_ko  mean_wt  FC 





NA  NA  145,67  444,68  -3,05 
NA  NA  1623,91  4989,29  -3,07 
Gba2  glucosidase beta 2  405,17  1256,9  -3,1 
1110058A15Rik  RIKEN cDNA 1110058A15 gene  277  916,83  -3,31 
Sprrl2  small proline rich-like 2  2631,41  9281,1  -3,53 
1110008K04Rik  RIKEN cDNA 1110008K04 gene  521,53  2227,56  -4,27 
Sprrl9  small proline rich-like 9  190,25  854,72  -4,49 
1110031B11Rik  RIKEN cDNA 1110031B11 gene  509,9  3182,56  -6,24 
NA  NA  182,8  1254,17  -6,86 
2310069N01Rik  RIKEN cDNA 2310069N01 gene  668,35  4781,63  -7,15 
NA  NA  408,16  3745,83  -9,18 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mutant dorsal skin after 
tamoxifen administration 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Figure 29: Tissue-specificity of K14-Cre-ERT2 tamoxifen-mediated Alox12b 
disruption 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Figure 30: Protein expression analysis after tamoxifen treatment on control 
and mutant mice 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Figure 31: Alterations in RNA expression profiles between knockout and 
control epidermis 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Figure 32: Protein expression levels of AP-1 family members and their 
activators 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